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1 Introduction

For EPDCCH discussion in LTE Rel-11, it was concluded that [1]: 
· The UE shall not monitor EPDCCH 
· For TDD and normal downlink CP, in special subframes for the special subframe configurations 0 and 5.

· For TDD and extended downlink CP, in special subframes for the special subframe configurations 0, 4 and 7.

· In subframes indicated by higher layers to decode PMCH.
On a backward compatible carrier, for the subframes where the EPDCCH cannot be transmitted, CRS-based PDCCH can be used instead, which is shown in Fig. 1. However, for the new carrier type (NCT), one agreement is to transmit the reduced CRS (RCRS) with 5 ms periodicity and the RCRS is not used for demodulation purpose, which was agreed in RAN1 #68bis meeting [2]. So it is worth discussing whether the shortest DwPTS should be used and how to use it. This issue was also discussed in [3]-[11]. 
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Fig. 1. Self-contained CRS-based PDCCH in the shortest DwPTS. 
In this contribution, we discuss the usage for the shortest DwPTS in TDD special subframes with special subframe configurations 0 and 5 for normal downlink CP, and special subframe configurations 0, 4 and 7 for extended downlink CP. In addition, the downlink transmission issue in PMCH subframes is discussed in the companion contribution [12]. 
2 Discussion on usage for short TDD special subframes
The shortest DwPTS contains only three OFDM symbols, and the typical deployment case with such a configuration is large area coverage, e.g., up to 100 km. One implementation based solution is not to configure these special subframe configurations. However, NCT should provide future-proof solutions for various situations, such as Macro cells and Pico cells, non-standalone and standalone operations, etc. Therefore, such special subframe configurations with shortest DwPTS should be supported on NCT. 
Proposal 1: TDD special subframe configurations 0 and 5 for normal CP, and TDD special subframe configurations 0, 4 and 7 for extended CP should be supported on NCT. 

If the above special subframe configuration is configured, considering that currently no demodulation based CRS and also no DMRS pattern exist in the shortest DwPTS, another implementation based solution is not to use the shortest DwPTS for transmission. However, if these special subframes are not used for transmission, there can be nearly 20% downlink resource waste at most in case of  TDD UL-DL configuration 0 [3]. Furthermore, for TDD UL-DL configurations 0, 1 and 6, the UL subframes (two UL subframes for each TDD UL-DL configuration) associated with these special subframes cannot be scheduled at all with the assumption of keeping the current HARQ timing, which would lead to significant uplink throughput loss. Therefore, if the existing HARQ timing is kept, due to the complexity of introducing new HARQ timing, there is considerable resource waste for both DL and UL, which is not acceptable. 
Proposal 2: The shortest DwPTS should support control channel (at least UL_grant) transmission. 

For the resource usage in the shortest DwPTS, the following alternatives can be considered. 

2.1 Larger subframe (subframe bundling with 17 OFDM symbols)
Considering that the shortest DwPTS only contains three OFDM symbols, it is difficult to support a self-contained PDSCH transmission and it also may not be necessary. One optimized solution is to bundle the shortest DwPTS with the previous subframe next to it to form a larger subframe with 17 OFDM symbols. However, this would introduce new HARQ-ACK timing. For example, the HARQ-ACK timing is based on the DwPTS subframe or the previous subframe next to it. If the HARQ-ACK timing is based on the previous subframe next to the DwPTS, the time interval between PDSCH decoding and the corresponding HARQ-ACK transmission is shortened with a three-symbol time length, as shown in the upper part of Fig. 2. 
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Fig. 2. Example of subframe bundling for PDSCH and timing for HARQ-ACK transmission.
By using the larger subframe, multi-subframe scheduling has to be introduced for UL scheduling. However, this would also introduce new UL scheduling timing for TDD UL-DL configuration 0, 1 and 6. For TDD UL-DL configuration 6 as shown in Fig. 3(a), an UL_grant transmitted in the larger subframe should be able to schedule either subframe 7 or subframe 8 or both, so a new UL_index field should be added in the UL_grant. For TDD UL-DL configuration 0 as shown in Fig. 3(b), an UL_grant transmitted in the larger subframe should be able to schedule at most three subframes including subframe 4, 7 and 8, which requires extending the current 2-bit UL_index field in the UL_grant. 
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(a) Introducing new UL_index for TDD UL-DL configuration 6.
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(b) Extending current UL_index for TDD UL-DL configuration 0.
Fig. 3. Impact on UL_grant and PUSCH transmission due to subframe bundling.
Considering that subframe bundling would introduce new timing for both DL and UL scheduling, and also modification to the UL_grant, subframe bundling is not preferred. 
Proposal 3: Subframe bundling would introduce new timing for both DL and UL scheduling, and also modification to the UL_grant, and therefore should not supported.
2.2 Self-contained DMRS-based control channel transmission
Another direction is the self-contained solution, which means to use the shortest DwPTS independently of other subframes. This requires to define the DMRS pattern and the control channel structure in the shortest DwPTS. The following two options are discussed. 
Option 2-1: Using REG-based PDCCH-like control channel demodulated by a DMRS that occupies the same REs as Rel-8 CRS
In this option, for example, the DMRS reuses the current CRS pattern with 1, 2 or 4 ports and the REG-based PDCCH design on a backward compatible carrier is reused. An obvious benefit is that the solution requires the least specification effort. The DMRS that occupies the same REs as Rel-8 CRS is only used for the control channel demodulation and therefore is transmitted only when the corresponding control channel is transmitted, which can eliminate the interference when the control channels are not transmitted in the DwPTS. A UE would thus not use the DMRS in the shortest DwPTS for tracking and RRM measurement. A drawback is that, if the REG-based PDCCH-like control channel is spread to the whole bandwidth, it is difficult to achieve control channel ICIC compared to the EPDCCH scheme. 
Option 2-2: Using EREG-based EPDCCH-like control channel demodulated by a DMRS that has the same structure with the one-slot Rel-10 DMRS

This option is EREG-based EPDCCH transmission, which aligns with the current LTE direction, but a concern is the additional specification effort which would be introduced considering that the specification of EPDCCH took a long time in Rel-11. Therefore, if this solution is adopted, it should keep low specification effort. 
Considering that the shortest DwPTS only contains three OFDM symbols and that the PSS is located on the third symbol every 5 ms, it is straightforward to move the current DMRS onto the first two OFDM symbols, which avoids the collisions with the PSS. Then, the remaining REs per PRB pair (except for the REs that carry DMRS) are very few, e.g., 24 REs for a PRB pair which does not carry the PSS. If EPDCCH is designed in the shortest DwPTS with such small PRB pairs, the current EPDCCH principles should be maximally inherited, including the structure for ECCE/EREG, search space, AP associations and so on, in order to minimize the specification effort. 
Based on the above analysis, the REG-based PDCCH-like scheme requires the least specification effort even though there may be limited control channel ICIC gain. On the other hand, the EREG-based EPDCCH scheme aligns better with the current LTE direction, but if this is adopted the specification effort should be kept low. We can further choose the self-contained DMRS-based solution between the above two options. 
Proposal 4: DMRS-based control channels should be supported for the shortest DwPTS on NCT. Discuss further between the REG-based PDCCH-like scheme and the EREG-based EPDCCH-like scheme.
3 Conclusion
In this contribution, we discuss the usage for the shortest DwPTS in TDD special subframes with special subframe configurations 0 and 5 for normal downlink CP, and special subframe configurations 0, 4 and 7 for extended downlink CP. Based on the discussion, the following proposals are given: 
Proposal 1: TDD special subframe configurations 0 and 5 for normal CP, and TDD special subframe configurations 0, 4 and 7 for extended CP should be supported on NCT. 

Proposal 2: The shortest DwPTS should support control channel (at least UL_grant) transmission. 

Proposal 3: Subframe bundling would introduce new timing for both DL and UL scheduling, and also modification to the UL_grant, and therefore should not supported.

Proposal 4: DMRS-based control channels should be supported for the shortest DwPTS on NCT. Discuss further between the REG-based PDCCH-like scheme and the EREG-based EPDCCH-like scheme.

Finally, the solutions discussed in this contribution could also be considered for enabling PDSCH transmission and/or transmissions of control channels in longer DwPTS in case collisions between DMRS and PSS/SSS are not resolved by shifting PSS/SSS or by puncturing DMRS.
References

[1] 3GPP TS 36.213-b10. 
[2] Chairman notes in RAN1 #68bis. 

[3] Intel Corporation, “Discussion on downlink transmission for special subframe in TDD”, R1-130908, Chicago, USA, 15th April – 19th April 2013. 

[4] Samsung, “Discussion on short DwPTS without DMRS in NCT”, R1-131003, Chicago, USA, 15th April – 19th April 2013. 

[5] LG Electronics, “Support of TDD special subframe for the new carrier type”, R1-131285, Chicago, USA, 15th April – 19th April 2013. 

[6] Ericsson, ST-Ericsson, “On EPDCCH operation for NCT”, R1-131449, Chicago, USA, 15th April – 19th April 2013. 

[7] CATT, “Usage of TDD special subframes on NCT”, R1-130974, Chicago, USA, 15th April – 19th April 2013. 

[8] Potevio, “TDD special subframe configuration in NCT”, R1-131085, Chicago, USA, 15th April – 19th April 2013. 

[9] ZTE, “Considerations on NCT”, R1-131048, Chicago, USA, 15th April – 19th April 2013. 

[10] Pantech, “Considerations on reference signal in TDD special subframe”, R1-131523, Chicago, USA, 15th April – 19th April 2013. 

[11] CMCC, “Discussion on DMRS pattern for special subframe in NCT”, R1-131528, Chicago, USA, 15th April – 19th April 2013. 

[12] Huawei, HiSilicon, “PMCH on NCT”, R1-131841, Fukuoka, Japan, 20 May - 24 May 2013. 












































































_1428241591.vsd
D


U


U


U


D


U


U


D


Original PUSCH timing


0


1


2


3


4


5


6


7


8


9


New PUSCH timing (new UL_index)



_1429508636.vsd
DwPTS


GP


UpPTS


CRS port 0&1


CRS port 2&3


Usable for PDCCH



_1428240856.vsd
D


D


U


U


U


U


U


U


Shortened feedback time


New PDSCH timing for subframe 0


New timing for subframe 1


0


1


2


3


4


5


6


7


8


9



_1428241420.vsd
D


D


U


U


U


U


U


U


Original PUSCH timing


0


1


2


3


4


5


6


7


8


9


New PUSCH timing (extend UL_index)



